12 United States Patent

Meil et al.

USO011335311B2

US 11,335,311 B2
May 17, 2022

(10) Patent No.:
45) Date of Patent:

(54) BROADBAND ULTRATHIN ACOUSTIC
WAVE DIFFUSION STRUCTURE

(71) Applicant: Dalian University of Technology,
Dalian (CN)

(72) Inventors: Yulin Mei, Dalian (CN); Xiaoming
Wang, Dalian (CN); Yixuan Mei,
Dalian (CN)

(73) Assignee: Dalian University of Technology.
Dalian (CN)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 1534(b) by 416 days.

(21)  Appl. No.: 16/487,389

(22) PCT Filed:  Apr. 26, 2017

(86) PCT No.: PCT/CN2017/082072
§ 371 (c)(1),
(2) Date: Aug. 20, 2019

(87) PCT Pub. No.: WO2018/195835
PCT Pub. Date: Nov. 1, 2018

(65) Prior Publication Data
US 2019/0378488 Al Dec. 12, 2019
(51) Int. CL
GIOK 11/162 (2006.01)
GI0K 11720 (2006.01)
(52) U.S. CL
CPC ........... GIOK 11/162 (2013.01); G10K 11/20
(2013.01)
(58) Field of Classification Search
CPC e G10K 11/162; G10K 11/20

(Continued)

" W r.-r.-r\-"'.-' m e e e e T e e .
1

i
\
lﬁ}'"“'\.__ )
&
E
i
\
|
E
\
\

(56) References Cited
U.S. PATENT DOCUMENTS

3,901,352 A * 8/1975 Cluzel ................ G10K 11/205
181/175
7,520,369 B2* 4/2009 Dravet ................... B64D 29/00
181/284

(Continued)

FOREIGN PATENT DOCUMENTS

CN 102251829 A 11/2011
CN 102689477 A 9/2012
(Continued)

Primary Examiner — Forrest M Phillips

(74) Attorney, Agent, or Firm — Muncy, Geissler, Olds &
Lowe, P.C.

(57) ABSTRACT

A broadband ultrathin acoustic wave diffusion structure has
a plurality of acoustic wave diffusion units. Each acoustic
wave diflusion unit has at least one acoustic wave propa-
gation section, and an acoustic wave focused section com-
municating with the acoustic wave propagation section 1s
arranged according to needs. The acoustic wave focused
section 1s formed by an acoustic wave focused cavity filled
with acoustic material. The acoustic wave focused cavity 1s
a variable-section cavity. The acoustic wave propagation
section 1s formed by a simply connected acoustic wave
propagation passage with a close end. Diflerent acoustic
wave diffusion units have different lengths of the simply
connected acoustic wave propagation passages. The maxi-
mum length of the simply connected acoustic wave propa-
gation passage may be dozens or even hundreds of times of
the thickness of the acoustic wave diffusion structure, which

can meet the diffusion requirements for low 1Irequency
acoustic waves to the maximum extent.

12 Claims, 6 Drawing Sheets




US 11,335,311 B2
Page 2

(58) Field of Classification Search

USPC e 181/286
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

11,164,559 B2* 11/2021 Lee .....ccoooveevrnnnnn, G10K 11/162
2010/0089691 Al* 4/2010 Nakamura ............ B60R 13/011

181/286

FOREIGN PATENT DOCUMENTS

CN 106382432 A 2/2017
CN 107071663 A 8/2017
SU 1420198 Al 8/1988

* cited by examiner



US 11,335,311 B2

Sheet 1 of 6

May 17, 2022

U.S. Patent

—I— —————————————

Lal ol ol B N R ]

MR LTAMARA,TMAR TR, R LR

hhhhhltihhhi N L N

A
MM T .."I."!.."I."I.i."l.'l."‘.."l.‘."l.. e T i
&

h - o “. n
5 L, . -

i ey . ._._-...-.-... - .
) Tk =
v e Fr Tfam -
1 1

-— - 1

A i _ T
i _

’ ' _ ;
: : ! i
-y ‘ﬁ'l‘-‘u‘-‘-& - I‘u‘-“-‘l - e W ~u ‘“ﬂ L . | alle o a o alEE I‘uqu‘!i T - j L B o oa o | ‘.Ml‘l‘u‘u‘.l.— | e o oa o oa o
k A i " . n N
" / [ _ y ’ ’
y— + ’ [ _ 1 / s
A B !
3 ¢ i . : ¢ w
¢ L A ’
i .
) / ' : I
- ¥ i Iy ’ A

ol ol af ol ("l oF ol af ol oF T & ‘A“l Ta ofaf ol

b e

]

‘I“‘L.- ol ol af af f & o of ol ol &
v

/

]
L]
__..-

r s A [
] r
) Sy Y %,
L v v
¥ / / .
[ ! ! :
4 o [ n
.r. r r N
f / / 1
. ’ ’
SR SR S S,
¢ ¢
P : ;
A “ “ )
P / ¢
iy Y
; ¢ ¥ iy
- ’ ’ .
. ’ v ._-..
¢ "
i :
) ¢
]

Pl L P = ..I..#.‘..-‘..‘ F

13

5

]
LL

!
] -." R .
s _ §
. : /
; / i /
! ¢ . ¢
- “ w
. A
e e o s i S AP SR S SR R, S ——
F - A F
_\._.. v I _ 1 B =T - [
.|1 r Hy 1 a ...l-..-.l ol -.Iun. r
- ’ 1 " 1 ~ ~
. . . A ..-_...
Fg - r
x - tl. b ” T rro ) =, ﬁ_m :
=y : s O /
i
/ “_ ; /
. i 4 5
¥ L . ’
’ ! : /
) 4
/ M 1 /

. 1.‘..‘..‘“.“- Tl L T W
A

= -

e =

- - . . N A m ' N
S g, m o g ey 2 a e Ty
a 1
il | NS B NN | 1 N A EEEN
1rFr BNl B HEEEEEEE B FE N N
i ErFa HaEEEE A 5§ 1 E | |
LCam A .l. N B E I Er i EEEE

., A AN JEEFEEENER e el L e ]

AN EF B RN EEEER

EEEFrEEEFEEN] EEEN AN ENSAEEEEDN
aia e A A o A A nr nEmrEEE

- 4
EEEN . BN NN EEE NN AEEENrEEEEIEEN IN AEEEFEEEE EEENNE
EEENFEEENIEENI N AEEEFEEEE/ EEENNEN S EEE N JEEEEEEEE LN
2 e e s " e e e a e e T AlEEmansnsEnnN LN ATE_ N E L TE m m m A m_m_EE ]
lllllllllllllllll 4 1 B H E B E E EEEEEEE BB
EEEN] N AR e e e e e e e E e AEEEEEEEEEE IEEEEN N
o mEE nE e n . AEEE BN EEEEEr N

|

e P e

d B B NS EEEEEESEESESNNR A I EEEEEEEEEEEEEEENEDR -E EH EEEEEESEESEEESEEEEEEE .

Sound

S ————

== —— - - -

e

= ——— -

Figure 2



U.S. Patent May 17, 2022 Sheet 2 of 6 US 11,335,311 B2

Sound
>
>
>
-
4 5 6 8 9
Sound
>
>
>
>
8 7 8 9 10
Sound
IIIllllllthHI!!:H?::::lll'I
> / -f--------1
R L Y J——
» I 1l 0 mmmmmmeaa- >
> *----=--=---- o



US 11,335,311 B2

Sheet 3 of 6

May 17, 2022

U.S. Patent

'y

T

4
[

Ly -4 . = r o - . .
. = p oy L REE A I LI SR B [ Sl - ']
.|...+..h...-....._-.“.1.1....1...-_..+..._. L L A I e LI L

v
e

....._1._.................... * LI Y

P R T v on g

LI 2 e r [ |
Fov o opy

Figure 10

Figure 7

" Ao
LI .
. .-
......._..__......_lu.-_ L3 | l.uu.__..  me P e O
- PR S | e T LI | A FN I B N A
il r i I I R L | llu..._._.-.___lr.1..‘..___.l.....
-8 L BRI R R I L R . EOL S L
u...11-...r P I T h T T L )
. [ T T R A TV LI L R BT
! ! LA BT TR N T B FAdry = Fnom S YTy N oo
..lrll..1-...-.-u..-_._.....-...l.. LIS I 1rl11.|__.__...-_l ~
lr...........__-._.....__._..._-r.-. LI N SRR L R R SN 5 L ~a
- w it L N B T S e R R B Y LR I T L B B S e T | -
wowt .-.-.l___-.-......q-_-r.‘....... - m oL -~ ey s L
....-r.-..._...l.__-......-.-._-r R AL I S B N SEFRR L | 4
..l._._-r.—_......_..l..-._.......h.-.- e N L T N L B R S R LS
- l._._-r._...n..q.l._-.-....n.-_- F R L S L LY LI
' iEa * A L I S R ] W S A m AN Lo Ll r LK
- ....._.li-.-_-rr.—_.—_.u.u.uk.l..-._.___.—.._...b- L EIL I IS Ny i - -
LR B Sl B B S L L N I - mom Ly v - m oL =
- LA I N ] Vo m @ oW LIRS R N LI I S A r
: ......-...-.l._._-.‘.u......l...-___._...-. =y - L I Sl S .
, 1__.........-.1._._-.‘__.......1l o o - A p LTy v a W
b S r4ami - - L]
. l..l...1-r._.-“.u. - - .
i CLAE N o .
. ' AN
: .l L] L r-_._.._.- ._._.....l
: ! et 1..__......__....._.._ L I B R b |
: i B | L ] 1.1_.._..-_-_._.--..._._._.1
ra ; .
1..L1-.-.- ..-.-.......__ - L B N
: ' B e Y
i ey YA
. PR A
L N §
o PR
..__-....._._.....1._
L L
= am
A
L |
..._...._.-._.J
. . Mo A
s M0
r._.1.|...
r
-
.__l....s..
-
d

Figure 8

.__n...-.._.L.._..rq___..l._-...ni... .._.....__.._..r.__...nn.__...“-.ll.._._.....__.._..r
'

.
5
: 1
: 1
: 1
: 1
: 1
1
]
-
¥ .
. :
]
1
]
: 2 . . - - . 4 .. ME L e
...l.nlL_.....ii. ...-.-.l._.-_.. .-n_l._.._...hr ...__.._. h...L-....li .-.-.-.l._...h .-..L.._ -ln..-._.l... ln _L_..._.rin....-nn. |-.i-.__n_| ._.hh 1._.
. - . P .
IR R TR T L T R Tt mF FI .' L T A
- T T .__.1..._...”.|.|1... ._._H...lu .__...1...-_...__.1...._.1-..1|.-... .-..\.-11 ._.-_-_.U.-l1._._... e ...Il...- T ._..-..-_11 * ..._.-.l
= T I-_-i = ' . 1 ] . iomoat -
- + L .u..._.-__. - & l.,. = ..1..._._.|| q..__. _.._._-._..... r.._.‘_-__. - ._.1._.- ..-.__.q...i = .__1.._ .
__..__l..... a et e Ln.-L.__..-.._..Ll.-l.........._..Lul .h._.__.u...-.__
TTa - L S0 P LI L .-l.--..!...-lt_. LN LN
LI - 1 = - - - wr 4
.__.......l. -.__...1-_111 __.l..__.....l.-. " - .-.__...1l||1....._ -_.u.llJiq ....__.“.__.“. - -._.__l\"- _qq.-..._lLH l.—_-.._.!-_u- "
x ' ¥ P T I [ ] L ] - _ .
.-.......... \hllluh ._.n_... - l...i... l._...h .-..i___l nr-._..l__.._. n...Li._. - ....-.l.-...-...-.-‘.l.._._.lh”..n_i__. ln...___.....r-nh-“
. LI L I ] L3R |
a' - P s " L R ll._...-_ Ll L .-..-.l.-._._ AN
.
T T e T 1-.-.-.1....__..!-_1,..__ e BT ,.._..-l.-1...1._.1..1
[] 3 I A ...__-.-. ' -_- i _-.__.l- L ._.-._- ..1-.1 . h.'__.-.u a
: LR F | rn = ra F - =
: r ..Llln.-....u...h.........x __.___l.__....-nll a ._r-u. ._.... .-.-..u.__..._.___ 4 ..1. -__. .-.._.l.......“..._..._u. ._..__-..-..__. ___.l..._._._..l.l.__.-.._.
L T L . - u - oA ....._I - . . .
: h " A om o . ' b -r . - -_..-_.1._. AT T e -
: e e g e T e e
4 m - LR S A B EHERC I S L e
- L...._..L.-.‘...._..liu.-.-...l._.-... .-.__L.._._.ulr ;-.hl.-.-.h.lh. .-_.-..-._.-L .-..-u._.._.....r..l.l._. LlL.-._..-.-i-.-._‘L.‘i._”l-.__ - .._Ihq._.
. : . . - N | ar . - .
- P I ATt e LI ..I.._..- L LI LR B
- T o .- - - - ™
.._ - .__.U...l. ..__“.1.”.111-...._.1-.1|__....-..-.-.-..-.. " .__1117.__l.1|.| 1.-....!.11 1-.._..-_-u.. N __.ll.+.1 ' ..__l._-___q.. " ._.IL..... ._.!._.!-_1 *
' E .
L] [} - . ”-.._. we o pa oo LR L BNl B T .-._.-i..-.-.l_._._.-.... .-_.L.._-.n.. ni__.-.n__..___.....- -
: i+ P R 1+ LR s - - . " LN, L
L hl.__.- L e L DL Ry T VL N
- 1 i I - r . ...-....l T ll...I- e 1........-.._. LR - d
- I.-”.......-..- |1.._..__..._...lr|.l-...1.....l_-\-.._”1..-.__.1l11___ ™ r R = W P
. 4 - p = W - -opa - - LI L BRI R S L L r.._..__l._.... ...._.__.l.-...
.._h li...-.._.n...--..r._.__.;...iu.-.- .hhli.. l. -_r.-_.l...._..... -.__.;-.._.l._..- ...-. - .-..11.-... - .._-_.n a4 2t ._.IL _L ..in.-.l
R T L I R N " PRI .._....-...'. R I L LT
- T P - wT - Tt L - .__...11111...11 R N
l-_.q. 1.-..-.-1_1. e 1'.__1._.4. ll'.-_-_-u s .-.“.-. S N o b el _..-__..-_ .._.-_l..._... .1..._1... i
......l.nr __.._.n- ...._.L..___..n...-._.i___l.nr ....... h....__-._. - .-.._....._._. £ .-._.L [ ] n.-.._.l... .ln l ._..__-n.....-_ __.__.h.-.- - -__..n.-.._.
R AN R L S S I R At .T e ._“ T m g
Ly’ - ) T m 1 - L L] ™ L - ™ . .
L |1......_-..._._. llh.-...__.-..|1.r...__...-.._ " ._._-_....lllu.l.q_....1||-...-..-..ﬂ|“-.......- -, ._.l-. 1+..._-...___.1_... l-...-..-._.”._.. .._.__...__..-_”1....
- - " . .
] a Aa oA 4 - pa - A rAar R S e i BN
__.._. . .-iL...._ ..-_r.-_. __.._.u.-... ;Jh-.-.-t.-.li..-....tl. . .-_.l._.._.....r..“_i._. L...L._..—.-i.-.-.llh._..-.h-.__.ql ._.ll 1._.
- - - . x - " mr " - .
i NI o O =y T m P ..I L R I e e AL |
= -
.__.“-.l .__.. ....__q T ._..U-..... " .1._..__...1 .r... .1.._111 ...l-_-i 11!._..-_.-_1. __.-_.__._._... ...__l.‘_u”.1 1-...!._._..-.- +-..-._-.-_1_n *
[ " ' T m ] i i . . L
l......... L.._.__||. r ......L-._........ ..___..l.. .-1|___l.r... __........ n1.__-._..- ....._.l_-........ .-1;.._-__.|. ._.n .lr..__.__‘.... 3
- - 0
I L EO R T L ._..-_.u__..._.-._. LI
- - w1 - - . ™ LI I R Y L T
-_.-..._......... 1...-_.__. -_.-..._........ l...__.-\l 11...___.__..1.- llu._- N -t L
. - . o .
a .._.1....-.l pa E] FE - FE . Op4 L] ip »
o - Fir a d g - - g . d
MaTe .._.__.l.-._. -.__.1._.-. YaTa et e ..”.. -r ...r - ..-_.l___ .-...L..
L .....1._..‘. LR e L e N .
-
h.-..l-!l.-.-.l._.-...__. l...........il..- l'.-_-_-iu....-ll..- -..__..-....1...11_._...1-.1 P
iu r-.1 -’ .‘.II . .._n_I.r - .... ._-.-.H - ...!i-.l [ .11.! ()
o e i o®a o, 4 d e, pd 1 82 3, = 4L da g s L g
- e e TR I e e
N | LN | . mr R | .r -._.u._.h__.-..- l__.q 0
hd s = FPm T - 1T . -
- - - ¥ A L]
N e T e T N T
L P LI r._..___-._.i.. e L _-1.__ll -
-......LL....I.-....-.;-..-:._.L |__.IL..
.o

s & -~ . 7 F .., ¥ r
- -

LI ﬂ_i.l




U.S. Patent May 17, 2022 Sheet 4 of 6 US 11,335,311 B2

10 8 S
J i —
—————
~li—————
10

Figure 11

10 8 9 7

v Rl R - -

10

Figure 12



U.S. Patent May 17, 2022 Sheet 5 of 6 US 11,335,311 B2

10 8 9 10

Figure 13

10 8 9 10 7

~ 77
| Ii
S

Figure 14




U.S. Patent May 17, 2022 Sheet 6 of 6 US 11,335,311 B2

8 9
————
~ii——— —i———
10 - 10
"
Figure 15
8 S
7
e
‘
10 10

Figure 16



US 11,335,311 B2

1

BROADBAND ULTRATHIN ACOUSTIC
WAVE DIFFUSION STRUCTURE

TECHNICAL FIELD
The present invention belongs to the techmical field of

sound engineering, and relates to a broadband ultrathin
acoustic wave diflusion structure.

BACKGROUND

Since Schroeder diffuser came out 1n 1970s, 1t has been
widely used in the technical field of sound engineering,
especially 1n music halls, theaters and other places with high
sound requirements. Schroeder difluser disperses sound
energy by reflecting sound to different directions to prevent
echoes and standing waves. In such an environment, the
audience can feast their ears and experience an audio-visual
teast. However, due to the limitation of the design principle,
the thickness of Schroeder diffuser 1s 1n direct proportion to
the length of sound waves. Thus, when diffusion require-
ments are put forward for low-frequency sound waves, the
thickness size of Schroeder diffuser 1s inevitably very large.
To solve this problem, the present mmvention discloses a
broadband ultrathin acoustic wave diffusion structure in

combination with the transformation acoustics theory devel-
oped 1n recent years.

SUMMARY

The present mmvention adopts the following techmical
solution:

The broadband ultrathin acoustic wave diflusion structure
comprises a plurality of acoustic wave diffusion units. Each
acoustic wave diffusion unit comprises at least one acoustic
wave propagation section, and an acoustic wave focused
section communicating with the acoustic wave propagation
section 1s arranged according to needs.

The acoustic wave focused section 1s formed by a through
cavity filled with acoustic material. The through cavity has
variable section, and isotropic or anisotropic acoustic mate-
rial 1s filled in the variable-section cavity. The anmisotropic
acoustic material 1s formed by embedding membranes or
string nets nto the 1sotropic acoustic matenal.

The acoustic wave propagation section 1s formed by a
simply connected acoustic wave propagation passage with a
close end.

In different acoustic wave diffusion units, simply con-
nected acoustic wave propagation passages have diflerent
lengths. Some acoustic wave diflusion units have no acous-
tic wave focused section, and only comprise acoustic wave
propagation sections. Some acoustic wave diffusion units
comprise acoustic wave focused sections and acoustic wave
propagation sections, and the through cavity of the acoustic
wave focused section communicates with the simply con-
nected acoustic wave propagation passages ol the acoustic
wave propagation sections. For the acoustic wave diffusion
unit comprising the acoustic wave focused section and the
acoustic wave propagation section, the simply connected
acoustic wave propagation passage 1s closely arranged
through the measures of circuitry, bending, coiling or stack-
ing in a monolayer or multilayer or spatial spiral structural
form, and occupies part or whole of available space of the
broadband ultrathin acoustic wave diffusion structure.

For the acoustic wave diffusion unit comprising the
acoustic wave focused section and the acoustic wave propa-
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2

gation section, the arrangement solutions of the simply
connected acoustic wave propagation passage include:

(1) the simply connected acoustic wave propagation pas-
sage 1s closely arranged inside i1ts own acoustic wave
diffusion unit through the measures of circuitry, bending,
coiling or stacking 1n a monolayer or multilayer or spatial
spiral structural form, and occupies part or whole of avail-
able space outside the acoustic wave focused section; and

(2) the simply connected acoustic wave propagation pas-
sage 1s closely arranged inside the broadband ultrathin
acoustic wave diflusion structure through the measures of
circuitry, bending, coiling or stacking in a monolayer or
multilayer or spatial spiral structural form, occupies the
whole of available space inside 1ts own acoustic wave
diffusion umt and also extends to other acoustic wave
diffusion units to occupy the remaining available space
inside other acoustic wave diflusion units, especially occupy
the remaining space of the acoustic wave diffusion units with
short simply connected acoustic wave propagation passages.

The membrane of the anisotropic acoustic material 1s a
non-porous membrane or porous membrane, and 1s made of
metal or nonmetallic, icluding cotton, fiber, silk, burlap,
woolen cloth, mixture yarn and leather. The string net of the
anisotropic acoustic material 1s made of metal or nonmetal-
lic. The acoustic material 1s gas material, solid material or
liguid matenial, including air, helium, gel, polyurethane,
polyester, epoxy resin, foamed plastics, foamed metal, soft
rubber, silicone rubber, butyl rubber, glass wool, glass fiber,
telt, silk, cloth and micro-perforated panel.

Compared with a ftraditional Schroeder diffuser, the
broadband ultrathin acoustic wave diffusion structure dis-
closed by the present mnvention 1s greatly different in both
the design principle and the structure itself. An external
acoustic wave enters the broadband ultrathin acoustic wave
diffusion structure disclosed by the present invention. First,
the acoustic wave 1s focused 1n the acoustic wave focused
section. Then, the focused acoustic wave enters the acoustic
wave propagation section, and propagates and reflects 1n the
simply connected acoustic wave propagation passage. The
simply connected acoustic wave propagation passage can be
designed 1nto a narrow and long passage according to needs
through the close arrangement measures of circuitry, bend-
ing, coiling and stacking. In the broadband ultrathin acoustic
wave diffusion structure disclosed by the present invention,
the maximum length of the simply connected acoustic wave
propagation passage may be dozens or even hundreds of
times of the thickness of the acoustic wave diffusion struc-

ture, which can meet the diffusion requirements for low
frequency acoustic waves to the maximum extent.

e

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of a main view of a
broadband ultrathin acoustic wave diffusion structure.

FIG. 2 1s a schematic diagram of a side section of a
broadband ultrathin acoustic wave diffusion structure.

FIG. 3 1s a schematic diagram of a side section of an
acoustic wave diffusion unit.

FIG. 4 1s a schematic diagram of a side section of an
acoustic wave diflusion unit.

FIG. 5 1s a schematic diagram of a side section of an
acoustic wave diffusion unait.

FIG. 6 15 a sectional diagram of an acoustic wave focused
section.

FIG. 7 1s a sectional diagram of an acoustic wave focused
section.
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FIG. 8 1s a sectional diagram of an acoustic wave focused
section.

FIG. 9 15 a sectional diagram of an acoustic wave focused
section.

FIG. 10 1s a sectional diagram of an acoustic wave
focused section.

FIG. 11 1s a monolayer schematic diagram of an acoustic
wave propagation section.

FIG. 12 1s a monolayer schematic diagram of an acoustic
wave propagation section.

FIG. 13 1s a monolayer schematic diagram of an acoustic
wave propagation section.

FIG. 14 1s a monolayer schematic diagram of an acoustic
wave propagation section.

FIG. 15 1s a monolayer schematic diagram of an acoustic
wave propagation section.

FIG. 16 1s a monolayer schematic diagram of an acoustic
wave propagation section.

In the figures: 1 acoustic wave diflusion unit; 2 acoustic
wave focused section; 3 acoustic wave propagation section;
4 acoustic material filled 1n acoustic wave focused cavity; 3
membrane or string net embedded in acoustic material; 6
wall of acoustic wave focused cavity; 7 1solated wall
between simply connected acoustic wave propagation pas-
sages belonging to different acoustic wave diffusion units; 8
simply connected acoustic wave propagation passage; 9 wall
of simply connected acoustic wave propagation passage; 10
communication hole between adjacent layers of laminated
simply connected acoustic wave propagation passages.

The arrow 1n the figure indicates the direction of propa-
gation ol the acoustic wave, wherein a solid line with arrow
indicates propagation of the acoustic wave n 1ts own
acoustic wave diffusion unit; and a dotted line with arrow
indicates propagation of the acoustic wave from other acous-
tic wave diflusion units 1n the acoustic wave diffusion unit.

DETAILED DESCRIPTION

Embodiment 1

A plurality of acoustic wave diffusion units are arranged
along a body surface to form a broadband ultrathin acoustic
wave diflusion structure, as shown in Figure and FIG. 2.
Each acoustic wave diffusion unit 1 comprises at least one
acoustic wave propagation section 3, and an acoustic wave
focused section 2 commumcating with the acoustic wave
propagation section 3 is arranged according to needs.

The acoustic wave focused section 2 1s formed by a
through cavity filled with acoustic material. The sectional
diagram of the acoustic wave focused section 2 1s shown 1n
FIG. 6. The acoustic wave focused cavity 1s a variable-
section cavity, and the end surface of the cavity 1s a hexagon.
The acoustic material 4 1s filled 1n the vanable-section
cavity, and multilayer membranes S are embedded at equal
spacing in the variable-section cavity.

The acoustic wave propagation section 3 1s formed by a
simply connected acoustic wave propagation passage 8 with
a close end, and 1ts monolayer schematic diagrams are
shown i FIG. 11 and FIG. 12. Different acoustic wave
diffusion units 1 have diflerent lengths of the simply con-
nected acoustic wave propagation passages 8.

In the broadband ultrathin acoustic wave diffusion struc-
ture, the arrangement solutions of the simply connected
acoustic wave propagation passages 8 in different acoustic
wave diffusion units are as follows:

(1) Some acoustic wave diffusion units 1 have no acoustic
wave focused section 2, and only comprise the acoustic
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4

wave propagation sections 3, and their simply connected
acoustic wave propagation passages 8 are short, as shown by
a shallow cavity region occupied by the solid line with arrow
in FIG. 5. The acoustic wave propagation sections 3 only
occupy part of the available spaces of their own acoustic
wave diffusion units 1.

(2) Some acoustic wave diflusion units 1 comprise the
acoustic wave focused sections 2 and the acoustic wave
propagation sections 3, and their stmply connected acoustic
wave propagation passages 8 are long. These simply con-
nected acoustic wave propagation passages 8 are designed
into narrow and long passages inside their own acoustic
wave diffusion units by the measures of circuitry, bending,
coiling or stacking 1n a monolayer or multilayer or spatial
spiral structural form. The acoustic wave propagation sec-
tions 3 occupy part of available space of their own acoustic
wave diffusion units 1, as shown by regions occupied by the
solid lines with arrows 1n the acoustic wave propagation
sections 1n FIG. 3 and FIG. 12. In the figure, 10 indicates a
communication hole between adjacent layers of laminated
simply connected acoustic wave propagation passages 8.

(3) Some acoustic wave diffusion units 1 comprise acous-
tic wave focused sections 2 and acoustic wave propagation
sections 3, and their stmply connected acoustic wave propa-
gation passages 8 are long. These simply connected acoustic
wave propagation passages 8 are designed into narrow and
long passages inside their own acoustic wave diflusion units
by the measures of circuitry, bending, coiling or stacking
inside the acoustic wave diffusion unit 1n a multilayer or
spatial spiral structural form. The acoustic wave propagation
sections 3 occupy the whole of available space of their own
acoustic wave diffusion units 1, as shown 1n FIG. 4 and FIG.
11. In the figure, 10 indicates a commumication hole between
adjacent layers of laminated simply connected acoustic
wave propagation passages 8.

(4) Some acoustic wave diffusion units 1 comprise acous-
tic wave focused sections 2 and acoustic wave propagation
sections 3, and their stmply connected acoustic wave propa-
gation passages 8 are very long. These simply connected
acoustic wave propagation passages 8 are designed into
narrow and long passages inside the broadband ultrathin
acoustic wave diflusion structure by the measures of cir-
cuitry, bending, coiling or stacking in a multilayer or spatial
spiral structural form. These simply connected acoustic
wave propagation passages 8 occupy the whole of available
space of their own acoustic wave diffusion units and also
extend to other acoustic wave diflusion units to occupy the
remaining available space 1nside other acoustic wave diflu-
sion units, especially occupy the remaining space of the
acoustic wave diffusion units with short simply connected
acoustic wave propagation passages 8, as shown in FIG. 2,
FIG. 3, FIG. 5 and FIG. 12. The regions occupied by the
dotted line with arrow indicate extension of the simply
connected acoustic wave propagation passages 8 of other
acoustic wave diffusion units 1n the acoustic wave diffusion
umt. In the figure, 7 indicates an isolated wall between
simply connected acoustic wave propagation passages 8 of
this acoustic wave diffusion unit and another acoustic wave
diffusion unait.

For the broadband ultrathin acoustic wave diffusion struc-
ture, first, external acoustic waves enter the acoustic wave
focused section 2, and are focused by the varnable-section
cavity and the acoustic material filled therein. Then, the
focused acoustic waves enter the acoustic wave propagation
section 3, and propagate and retflect in the simply connected
acoustic wave propagation passages 8. The maximum length
of the simply connected acoustic wave propagation passage

e
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8 may be dozens or even hundreds of times of the thickness
of the broadband ultrathin acoustic wave diffusion structure.

Embodiment 2

The present embodiment 1s substantially the same as
embodiment 1, and 1s different from embodiment 1 1n that:
(1) the cavity end surface of the acoustic wave focused
section, as shown in FIG. 7, 1s a quadrangle. The acoustic
material 4 1s filled 1n the variable-section cavity, and mul-
tilayer fibers 5 are embedded at equal spacing in the cavity.
(2) The monolayer schematic diagrams of the simply con-
nected acoustic wave propagation passage 8 of the acoustic

wave propagation section 3 are shown in FIG. 13 and FIG.
14.

Embodiment 3

The present embodiment 1s substantially the same as
embodiment 1, and 1s difl

erent from embodiment 1 in that:
(1) the cavity end surface of the acoustic wave focused
section, as shown in FIG. 8, 1s a circle. The acoustic material
4 1s filled 1n the variable-section cavity, and multilayer silks
5 are embedded at different spacings in the cavity. (2) The
monolayer schematic diagrams of the simply connected
acoustic wave propagation passage 8 of the acoustic wave
propagation section 3 are shown in FIG. 15 and FIG. 16.

Embodiment 4

The present embodiment 1s substantially the same as
embodiment 1, and is different from embodiment 1 1n that:
the cavity end surface of the acoustic wave focused section,
as shown in FIG. 9, 1s a pentagon. The acoustic material 4
1s filled 1n the variable-section cavity, and multilayer metal

string nets 5 are embedded at equal spacing 1n the cavity.

Embodiment 5

The present embodiment 1s substantially the same as
embodiment 1, and 1s different from embodiment 1 1n that:
the cavity end surface of the acoustic wave focused section,
as shown 1n FIG. 10, 1s an oval. The acoustic material 4 1s
filled in the variable-section cavity, and multilayer cloth 5

are embedded at diflerent spacings in the cavity.

The invention claimed 1s:

1. A broadband ultrathin acoustic wave diffusion struc-
ture, comprising a plurality of acoustic wave diflusion units,
wherein each acoustic wave diflusion unit comprises at least
one acoustic wave propagation section, and an acoustic
wave lfocused section communicating with the acoustic
wave propagation section 1s arranged according to needs;

the acoustic wave focused section 1s formed by an acous-

tic wave focused cavity filled with acoustic material;
the acoustic wave focused cavity 1s a variable-section
cavity, and 1sotropic or anisotropic acoustic material 1s
filled 1n the variable-section cavity;

the acoustic wave propagation section 1s formed by a

simply connected acoustic wave propagation passage
with a close end; and

in different acoustic wave diflusion units, the simply

connected acoustic wave propagation passages have
different lengths; some acoustic wave diffusion units
have no acoustic wave focused section, and only com-
prise the acoustic wave propagation sections; some
acoustic wave diffusion unmits comprise acoustic wave
focused sections and acoustic wave propagation sec-
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tions, and the acoustic wave focused cavities of the
acoustic wave focused sections communicate with the
simply connected acoustic wave propagation passages
of the acoustic wave propagation sections; for the
acoustic wave diflusion unit comprising the acoustic
wave Tocused section and the acoustic wave propaga-
tion section, the simply connected acoustic wave
propagation passage ol the acoustic wave propagation
section 1s closely arranged through the measures of
circuitry, bending, coiling or stacking 1n a monolayer or
multilayer or spatial spiral structural form, and occu-
pies part or whole of available space of the broadband
ultrathin acoustic wave diffusion structure.

2. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 1, wherein the anisotropic acoustic material 1s
formed by embedding membranes or string nets into the
1sotropic acoustic material.

3. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 1, wherein for the acoustic wave diffusion unit
comprising the acoustic wave focused section and the acous-
tic wave propagation section, the arrangement solutions of
the simply connected acoustic wave propagation passage of
the acoustic wave propagation section include:

(1) the simply connected acoustic wave propagation pas-
sage 1s closely arranged 1nside 1ts own acoustic wave
diffusion umt through the measures of circuitry, bend-
ing, coiling or stacking 1n a monolayer or multilayer or
spatial spiral structural form, and occupies the part or
the whole of available space outside the acoustic wave
focused section; and

(2) the simply connected acoustic wave propagation pas-
sage 15 closely arranged inside the broadband ultrathin
acoustic wave diffusion structure through the measures
of circuitry, bending, coiling or stacking 1n a monolayer
or multilayer or spatial spiral structural form, occupies
the whole of available space inside its own acoustic
wave diflusion unit and also extends to other acoustic
wave diffusion units to occupy the remaining available
space 1nside other acoustic wave diflusion units, espe-
cially occupy the remaining space of the acoustic wave
diffusion units with short simply connected acoustic
wave propagation passages.

4. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 2, wherein for the acoustic wave diffusion unit
comprising the acoustic wave focused section and the acous-
tic wave propagation section, the arrangement solutions of
the simply connected acoustic wave propagation passage of
the acoustic wave propagation section include:

(1) the Simply connected acoustic wave propagation pas-
sage 1s closely arranged 1nside 1ts own acoustic wave
diffusion unit through the measures of circuitry, bend-
ing, coiling or stacking in a monolayer or multilayer or
spatial spiral structural form, and occupies the part or
the whole of available space outside the acoustic wave
focused section; and

(2) the simply connected acoustic wave propagation pas-
sage 1s closely arranged inside the broadband ultrathin
acoustic wave diffusion structure through the measures
of circuitry, bending, coiling or stacking 1n a monolayer
or multilayer or spatial spiral structural form, occupies
the whole of available space inside its own acoustic
wave diffusion unit and also extends to other acoustic
wave diffusion units to occupy the remaining available
space 1nside other acoustic wave diflusion units, espe-
cially occupy the remaining space of the acoustic wave
diffusion units with short simply connected acoustic

wave propagation passages.
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5. The broadband ultrathin acoustic wave diflusion struc-
ture of claim 2, wherein the membrane of the anisotropic
acoustic material 1s a non-porous membrane or porous
membrane, and 1s made of metal or nonmetallic, including
cotton, fiber, silk, burlap, woolen cloth, mixture yarn and
leather; and the string net of the anisotropic acoustic mate-
rial 1s made of metal or nonmetallic.

6. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 4, wherein the membrane of the anisotropic
acoustic material 1s a non-porous membrane or porous
membrane, and 1s made of metal or nonmetallic, including
cotton, fiber, silk, burlap, woolen cloth, mixture yarn and
leather; and the string net of the anisotropic acoustic mate-
rial 1s made of metal or nonmetallic.

7. The broadband ultrathin acoustic wave diflusion struc-
ture of claim 1, wherein the acoustic material 1s gas material,
solid material or liquid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,

foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.

8. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 2, wherein the acoustic material 1s gas material,
solid material or liquid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,
foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.

"y
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9. The broadband ultrathin acoustic wave diflusion struc-
ture of claim 3, wherein the acoustic material 1s gas material,
solid material or liquid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,
foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.

10. The broadband ultrathin acoustic wave diflusion struc-
ture of claim 4, wherein the acoustic material 1s gas material,
solid material or liguid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,
foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.

11. The broadband ultrathin acoustic wave diffusion struc-
ture of claim 5, wherein the acoustic material 1s gas material,
solid material or liquid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,
foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.

12. The broadband ultrathin acoustic wave diflusion struc-
ture of claim 6, wherein the acoustic matenal 1s gas material,
solid material or liguid material, including air, helium, gel,
polyurethane, polyester, epoxy resin, foamed plastics,
foamed metal, soft rubber, silicone rubber, butyl rubber,
glass wool, glass fiber, felt, silk, cloth and micro-perforated
panel.
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